Inhibitive and adsorption properties of ethanol extract of vernonia amygdalina for the corrosion of mild steel were studied using weight loss, thermometric, gasometric and IR methods of monitoring corrosion. The results revealed that ethanol extract of Vernonia amygdalina inhibited the corrosion of mild steel. The inhibition efficiency of the extract increased as the concentration of the extract increases. The inhibitor was found to function by being adsorbed on the surface of mild steel. The adsorption of the inhibitor followed the Langmuir adsorption isotherm. IR spectra of the corrosion product (without inhibitor), the extract and the corrosion product (with the inhibitor) confirmed that ethanol extract of vernonia amygdalina is an adsorption inhibitor. Phytochemical studies also revealed that ethanol vernonia amygdalina contains tannin, saponnins, flavanoid and anthraquinone, all of them contributing to the corrosion inhibition. Physical adsorption mechanism has been proposed from the values of some of the thermodynamic parameters obtained.
Introduction
The use of inhibitors is one of the best methods of protecting metals against corrosion [1] [2] . Most corrosion inhibitors are organic compounds having hetero atoms in their aromatic or long carbon chain [1] [2] [3] . However, there is increasing concern about the toxicity of most corrosion inhibitors. The toxic effect does not only affect living organisms but also poison the environment [2] .
Due to the toxicity of some corrosion inhibitors, there has been increasing search for green corrosion inhibitors [3] . Inhibitors in this class are those that are environmentally friendly and are gotten from natural products such as plant extracts [4] . Several studies have been carried out on the inhibition of corrosion of metals by plant extract [5] [6] [7] [8] [9] [10] [11] . In most of these and other studies, nothing has been reported on the use of ethanol extract of vernonia amygdalina for the inhibition of the corrosion of mild steel in H 2 SO 4 . The present study is aimed at investigating the inhibitive properties of ethanol extract of vernonia amygdalina on the corrosion of mild steel in H 2 SO 4 . Vernonia amygdalina is an annual, erect, branched and hairy herb, having a height of 30 -120 cm. The leaves of the plant are simple and alternate. The plant is geographically distributed in West African countries including Nigeria [30] . According to Gill [31] , the extract of vernonia amygdalina is medicinal and is used in curing headache and fever. Notable chemical constituents of ethanol extract of vernonia amygdalina are glycosidevernoniside, vernonium and 15 sesquiterpenes lactones [31] .
Experimental details

Materials preparation
Mild steel of composition (wt%) Mn (0.6), P (0.36), C (0.15), S (0.07) and Fe (98.79) was used for the study. The sheet was mechanically press-cut to form different coupons, each of dimension, 5x4x0.11 cm. Each coupon was degreased by washing with ethanol. The washed sample was dipped in acetone, removed and allowed to dry in air before use. All reagents used for the study were analar grade and double distilled water was used for their preparation.
Extraction of plants
Samples of vernonia amygdalina obtained from the Akwa Ibom State garden were dried, ground and soaked in a solution of ethanol. After 48 hours, the sample was cooled and filtered. The filtrate was subjected to evaporation (in order to leave the sample free of the ethanol) using a rotary evaporator. The stock solution of the extract so obtained was used in preparing 0.1, 0.2, 0.3, 0.4 and 0.5 g/L of 2.5 M H 2 SO 4 and 0.1 M for used in gasometric/thermometric and gravimetric analysis, respectively.
Gasometric method
Hydrogen evolution measurements were carried out at 303 and 333 K as described in literature [12] . From the volume of hydrogen gas evolved per minute, corrosion rate (CR), inhibition efficiency (%I) and degree of surface coverage, were calculated using Equations 1, 2 and 3, respectively. is the volume of hydrogen gas evolved at time t for uninhibited solution.
Thermometric method
Measurements of temperature were carried out according to the method described by Eddy and Ebenso [13] . From the rise in temperature per minute, the reaction number (RN) and inhibition efficiency were calculated using Equations 4 and 5.
( )
where RN aq is the reaction number in the absence of inhibitors (blank solution), and RN wi is the reaction number of 2.5 M H 2 SO 4 containing studied inhibitors.
Gravimetric analysis
In gravimetric experiment, a previously weighed metal (mild steel) coupon was completely immersed in 250 mL of the test solution in an open beaker. The beaker was inserted into a water bath maintained at a temperature of 30 °C. After every 24 hours, each sample was withdrawn from the test solution, washed in a solution containing 50% NaOH and 100 g/L of zinc dust. The washed sample was dried with acetone before re-weighing. The difference in weight for a period of 168 h was taken as total weight loss. From the weight loss results, the inhibition efficiency (%I) of the inhibitor and degree of surface coverage were calculated using Equations 6 and 7, respectively,
where W 1 and W 2 are the weight losses (g/dm 3 ) for mild steel in the presence and absence of the inhibitor in H 2 SO 4 solution, respectively, and θ is the degree of surface coverage of the inhibitor.
Chemical analysis
IR analysis was carried out using a Buck model 500M infra red spectrophotometer. The samples were prepared using nujol oil. Photochemical analysis of the extract was carried out according to the method reported by Onyeka and Nwabekwe [14] . 
Results and discussions
Effect of ethanol extract of vernonia amygdalina on the corrosion of mild steel
Ethanol extract of vernonia amygdalina decreased the rate of weight loss, the rate of evolution of hydrogen gas and the rate of change of temperature. This confirms that ethanol extract of vernonia amygdalina inhibits the corrosion of mild steel in H 2 SO 4 . Values of inhibition efficiency (%I) and corrosion rates obtained from weight loss, gasometric and thermometric methods (for the inhibition of the corrosion of mild steel in H 2 SO 4 by various concentrations of ethanol extract of vernonia amygdalina) are recorded in Table 1 . The results indicate that inhibition efficiencies obtained from weight loss measurement are higher than those obtained from gasometric and thermometric methods, indicating that the average inhibition efficiency of the inhibitor is better than its instantaneous inhibition efficiencies. However, data obtained from gasometric and thermometric methods strongly correlated with those obtained from weight loss measurements (r = 0.9803 and 0.9151 for gasometry and thermometry data, respectively), confirming that ethanol extract of vernonia amaygdalina is a good inhibitor for the corrosion of mild steel in H 2 SO 4 . 
Effect of temperature
The effect of temperature on the corrosion reaction of mild steel in the absence and presence of ethanol extract of vernonia amygdalina was investigated using Arrhenius equation,
From hydrogen evolution measurements, values of CR (cm 3 /min) were calculated and substituted into equation 6 to obtain E a values. These values (Table 2) ranged from 74.00 to 77.44 kJ/mol, indicating that vernonia amygdalina is adsorbed on the surface of mild steel by physical adsorption [3] . Also, the average value of E a obtained for the blank (36.00 kJ/mol) was lower than values obtained for systems containing various concentrations of ethanol extract of vernonia amygdalina, indicating that this extract retards the corrosion of mild steel in H 2 SO 4 [19] [20] [21] . 
Thermodynamics/adsorption consideration
The heat adsorbed during the inhibition of the corrosion of mild steel by ethanol extract of vernonia amygdalina was calculated using equation 9 [1-2] 
Values of Q ads are recorded in Table 2 . These values ranged from -38.2481 to 52.3433 kJ/mol, indicating that the adsorption of ethanol extract of vernonia amygdalina on mild steel surface is exothermic [17] [18] [19] . Also, since the reactions were carried out under constant pressure, the heat adsorbed is also equal to the enthalpy change [22] [23] . C/θ = 1/k + C (10) which can also be written as follows, log(C/θ) = logC-logK (11) By plotting values of log(C/θ) versus logC, linear plots were generated (Fig. 6) , confirming that the experimental data fitted the Langmuir adsorption isotherm for the adsorption of ethanol extract of vernonia amygdalina on mild steel, meaning that there is no interaction between the adsorbed species.. Values of free energy of adsorption, ∆G ads , of ethanol extract of vernonia amygdalina on mild steel surface were calculated using equation 12 [23] [24] [25] [26] [27] ∆G ads =-2.303RT log(55.5K) (12) where R is the gas constant, T is the temperature and K is the equilibrium constant of adsorption of ethanol extract of vernonia amygdalina on the surface of mild steel, and 55.5 is the concentration of water in the solution. Values of ∆G ads calculated from equation 12 are recorded in Table 3 . These values are negative, indicating spontaneous adsorption of the inhibitor on the surface of mild steel [28] [29] . In order to further support the adsorption behaviour of the inhibitor on the surface of mild steel, IR spectroscopy was employed. Fig. 7 shows the IR spectrum of ethanol extract of vernonia amydalina alone. Fig. 8 shows the IR spectrum of the corrosion product (without the inhibitor), while Fig. 9 shows the IR spectrum of the corrosion product when ethanol extract of vernonia amygdalina was used as an inhibitor. From Fig. 7 , it is seen that the extract exhibited broad adsorption band at 3402.06 cm -1 (peak height = 56.880 cm), indicating the presence of alcohol or phenol functional group (i.e -OH). An adsorption band was also found at 1046.01 cm -1 (peak height = 87.459 cm), suggesting the presence of -CO stretch. The adsorption band at 633.61 cm -1 (peak height = 92.300 cm) suggests the presence of carbon-carbon triple bond (i.e., alkyne type of compound). However, in the presence of the inhibitor, IR spectrum of the corrosion product revealed that the -OH stretch (3407.06 cm -1 ) was shifted to 3435. 
Phytochemical composition of aqueous and ethanol extract of vernonia amygdalina
The phytochemical composition of ethanol extract of vernonia amygdalina is shown in Table 4 . The results indicated that the aqueous extract does not contain saponnins, terpenes, tannins, flavanoids, phlobatannins, anthraquinones, cardiac glycoside and alkaloid, while the ethanol extract contains all of them, except flavanoid and phlobatannins. This indicates that the inhibition efficiency of the extract is due to the presence of some or all of the above listed phytochemical constituents. Eddy and Ebenso [1] also stated that sapponins, tannins and alkaloids are active constituents of most green inhibitors. 
Conclusion
From the study, the following conclusions are made: 1. ethanol extract of vernonia amygdalina is a good inhibitor for the corrosion of mild steel in H 2 SO 4 ; 2. the inhibitor acts by being adsorbed on the surface of mild steel according to classical Langmuir adsorption isotherm; 3. adsorption of ethanol extract of vernonia amygdalina on the surface of mild steel is spontaneous and occurs by physical adsorption.
